Introduction
Uveitis is a significant cause of visual morbidities in children. 1 Similar to the condition found in adults, complications of paediatric uveitis may include band keratopathy, cataract, posterior synechiae, glaucoma, cystoid macular oedema, and a wide spectrum of retinal pathologies. 2 Therefore, early diagnosis must be coupled with early and aggressive therapy to control inflammation. However, the necessary medications may be less tolerated and at times require a more prolonged treatment period in children than in adults. 3 The gold standard of treatment for patients with autoimmune uveitis has been the use of topical and systemic corticosteroids. Unfortunately, long-term use of these medications is associated with considerable ocular and systemic complications. In addition, these complications are more marked in children. 3 Therefore, steroid-sparing immunomodulatory therapies are especially useful in this population. Methotrexate (MTX) is one of the oldest, most studied immunosuppressive agents. Because of its relative ease of use, effectiveness, and safety profile in a variety of ocular and systemic autoimmune diseases, it is frequently used as the first-line steroid-sparing treatment in paediatric uveitis, particularly those associated with juvenile idiopathic arthritis. [4] [5] [6] [7] [8] Nevertheless, MTX is not tolerated well by all 
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children. 9 Therefore, an alternative therapy is called for in these patients.
Mycophenolate mofetil (MMF; CellCept; Roche, Nutley, NJ, USA) is a newer immunosuppressive drug that functions by inhibiting the synthesis of purine and antibody production by B cells. 10 Recently, MMF has emerged as an efficacious agent in preventing rejection after kidney transplantation in adults. [11] [12] [13] Over the past decade, several studies have demonstrated a similar clinical effectiveness of MMF in paediatric transplant patients.
14-16 MMF has also been proven effective in autoimmune diseases in children. [17] [18] [19] [20] Here, we report our experience with MMF in paediatric patients with autoimmune uveitis.
Materials and methods
This study was approved by the Institutional Review Board of the Massachusetts Eye and Ear Infirmary. It was compliant with the Health Insurance Portability and Accountability Act and was conducted in accordance with the tenets of the Declaration of Helsinki. This is a retrospective interventional case series. The study population comprises all the patients with autoimmune uveitis who started MMF therapy at or before the age of 18 years and who were examined at the Massachusetts Eye Research and Surgery Institution, a tertiary uveitis referral centre, between July 2005 and March 2009. We excluded patients who had insufficient follow-up time after MMF therapy was initiated, defined as 6 months or less. We then reviewed every available clinic visit record of each qualified patient, up to his or her most recent visit. The following data were collected from our electronic medical record system (NextGen, Horsham, PA, USA):
(1) General data: (1) Durable Disease Control: patients whose uveitis remained quiescent for at least 2 years on MMF monotherapy, with no more than two flare-ups successfully treated with an increase in MMF dosage and/or a short course (o1 month) of corticosteroids. (2) Short-term Inflammation Control: patients whose uveitis remained quiescent for less than 2 years, with no more than one flare-up successfully treated with an increase in MMF dosage and/or a short course of corticosteroids. In addition, this subgroup also includes patients who initially achieved inflammation control but discontinued MMF subsequently because of significant adverse effects.
Results

Patient characteristics
From July 2005 to March 2009, 58 patients started MMF treatment for their autoimmune uveitis at or before the age of 18 years. Six patients were excluded because of insufficient follow-up time (o6 months). Of the 52 qualifying patients, 24 were male and 28 were female, and the median age at MMF start was 13 years (range: 3-18). The median disease duration before MMF start was 15.5 months (range: 2-132). The diagnoses included juvenile idiopathic arthritis anterior uveitis (25 patients), idiopathic anterior uveitis (8 patients), sarcoidosis anterior uveitis (1 patient), tubulointerstitial nephritis and uveitis syndrome (TINU) anterior uveitis (1 patient), idiopathic intermediate uveitis (9 patients), idiopathic panuveitis (5 patients), sympathetic ophthalmia panuveitis (1 patient), and idiopathic posterior uveitis (2 patients). Overall, 12 patients had unilateral disease and 40 patients had bilateral disease. MMF was the firstline IMT in four patients. The remaining patients had all tried MTX in the past. Among these 48 patients, some had also been on other IMTs, including cyclosporine (four patients), adalimumab (two patients), infliximab (two patients), and etanercept (one patient). The above data are summarised in Table 1 .
Treatment outcomes
The median duration of the MMF therapy was 27 months (range: 0.5-50), and the median follow-up time after therapy initiation was 33 months (range: 6-53). The median maximal dosage of MMF was 2000 mg daily (range: 600-3000).
A total of 38 out of the 52 study patients (73.1%) achieved inflammation control on MMF monotherapy, achieving r0.5 þ grading in anterior chamber cell/flare and vitreous haze. It took a median of 2 months (range: 1-6) to establish clear inflammation control in these patients. In our cross-sectional analysis, these 38 patients were further divided into the following subgroups:
(1) Durable Disease Control: 25 patients (48.1% of the study population) fit into this subgroup. Out of them, 16 stayed on MMF monotherapy for a median of 28.5 months (range: 24-36), discontinued MMF because it was deemed that their immune system had been 'retrained,' and were then followed up for a median of 15 months (range: 5-27) without any disease relapse off any immunosuppressive medication, topical or systemic. The other nine patients were still on MMF at the last follow-up (median treatment duration of 27 months, range: 24-34), but they had begun the tapering process. In addition, over a median follow-up of 38 months (range: 30-51), 13 patients experienced no relapse; 7 patients had relapses (1 relapse each) treated by increasing the MMF dose; 4 patients had relapses (1 relapse in 3 and 2 relapses in 1 other) treated with 4 weeks of topical corticosteroids only; finally, 1 patient required 4 weeks of topical and systemic corticosteroids for his one relapse. In the Durable Disease Control subgroup, the overall rate of uveitis relapse on MMF was 0.29/person-year. Unfortunately, we were unable to gather information on how many relapses each patient had before being referred to us, and thus a comparison of relapse rates before and after MMF was not possible. (2) Short-term Inflammation Control: 13 patients (25.0%
of the study population) fit into this subgroup. Nine of them achieved inflammation control on MMF without concomitant corticosteroids or other IMTs for a median of 15 months (range: [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . During this follow-up period, 8 out of the 9 patients experienced no uveitis relapse; 1 patient experienced one relapse that was treated with 4 weeks of topical corticosteroids. Finally, four patients achieved inflammation control initially for a median of 6 months (range: 2-11) without any relapse but had to discontinue the medication because of significant adverse effects. Tables 2 and 3. In the remaining 14 patients (26.9% of the study population), MMF was either ineffective as a monotherapy or was poorly tolerated shortly after it was commenced. Three patients required chronic topical corticosteroids (regimen ranged from b.i.d. to q.i.d.) and one patient required both topical and oral corticosteroids (t.i.d. and 5 mg/day, respectively) in addition to MMF to keep her uveitis in quiescence. In six patients, MMF had some degree of disease control but was deemed insufficient, and thus either concomitant IMTs were not discontinued subsequently or additional IMTs were added (two cyclosporine, one infliximab, one cyclosporine plus infliximab, one adalimumab, one daclizumab). In the four remaining patients, MMF was altogether replaced by another IMT (one MTX, one infliximab, two chlorambucil).
Visual outcomes
While being treated with MMF, only three patients (one with unilateral disease and two with bilateral disease) experienced significant vision loss (defined as a drop of 2 or more Snellen chart lines) in one eye each. The reasons for the decreased vision were cataract in one of the patients and macular oedema in the other two. The visual acuity either remained stable or improved in the remaining 49 patients (94.2%).
Adverse effects
In total, 23 patients (44.2%) reported a total of 29 adverse effects from MMF, which are shown in Table 4 . Gastrointestinal (GI) disturbance was the most common, with a rate of 0.12/person-year. The median time taken to develop the adverse effects was 5 months (range: 0.5-24) after MMF was initiated. A total of 10 patients (19.2%) reported adverse effects from MMF that were significant enough to impair daily functioning. The complaints resolved following MMF dosage decrease in four patients, without accompanying uveitis relapse. In the other six patients (11.5%), the adverse effects persisted despite dosage decrease and thus MMF was discontinued. Defined as patients whose uveitis remained quiescent for less than 2 years with no more than 1 flare-up successfully treated with either an increase of the MMF dosage or a short duration (o1 month) of corticosteroids, or those who initially achieved inflammation control but had to discontinue MMF because of significant adverse effects. n/N, no. of patients who met the criteria/no. patients with the type of uveitis. Defined as patients whose uveitis remained quiescent for less than 2 years with no more than 1 flare-up successfully treated with either an increase of the MMF dosage or a short duration (o1 month) of corticosteroids, or those who initially achieved inflammation control but had to discontinue MMF because of significant adverse effects. n/N, no. of patients who met the criteria/no. of patients who earlier had been on IMT.
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Discussion
To date, several studies have included children in their study population while investigating the use of MMF in ocular inflammatory diseases. [23] [24] [25] [26] [27] [28] The results of these studies, however, do not specifically address the effectiveness and safety of MMF in children. Before the present report, the effectiveness of MMF exclusively in treatment of paediatric uveitis had only been demonstrated in the case series study of 17 children conducted by Doycheva et al. 29 In support of that previous work, our data suggest that MMF monotherapy is an effective steroid-sparing treatment in paediatric autoimmune uveitis. Approximately half of our patients (25/52, or 48.1%) met our definition of Durable Disease Control; another nine patients had gained excellent inflammation control at the last follow-up, although they had yet to meet the 2-year mark; finally, four patients were able to achieve inflammation control on MMF monotherapy, although they had to discontinue the medication subsequently because of significant adverse effects. These 13 patients thus fell under the subgroup of Short-term Inflammation Control. Combining the two subgroups, approximately three-quarters of the study population (38/52, or 73.1%) were able to achieve uveitis control for some period of time on MMF monotherapy. Of note, the need for any dosage of concurrent corticosteroids and/or other immunomodulatory agents would disqualify a patient from either subgroup. Overall, it took 2 months for MMF to control inflammation in these patients.
Visual acuity was not used as a primary outcome measure in this study. Nevertheless, during the follow-up period, only three patients (5.8%) in our study experienced significant vision loss (defined as a drop of Z2 Snellen chart lines) in one eye each. The visual acuity either remained stable or improved in the remaining 49 patients (94.2%). These data suggest that if inflammation is controlled with MMF, the majority of patients will have stable or improved vision.
Our observation that GI disturbances and leukopaenia were common adverse effects of MMF is comparable to previous reports. [23] [24] [25] [26] [27] [28] [29] [30] In the present study, it took about 5 months to develop these adverse effects while on MMF therapy. In about one-fifth of the study population, the adverse effects were significant, but a decrease in MMF dosage was able to bring the effects under control in approximately half of these patients. More importantly, in each of these patients, dosage decrease did not lead to uveitis relapse. Only about 12% of the study population had to stop MMF completely because of intolerable adverse effects.
This retrospective study is limited by its lack of a control group, small study population, and variable follow-up time. The ascertainment of time to inflammation control and adverse effects was undoubtedly influenced by the study's retrospective nature. However, the patients in this study were evaluated both ophthalmically and hematologically every 6 weeks; hence, it is likely that the timing was accurate to within that time frame. In addition, in our assessment of MMF monotherapy in uveitis control, we attempted to circumvent the problem of variable follow-ups by defining the two subgroups of Durable Disease Control and Short-term Inflammation Control, thereby demonstrating the therapy's effectiveness in patients with both shorter and longer follow-ups alike. This was by no means perfect in dealing with the variable follow-ups, as some patients in Short-term Inflammation Control would have likely been categorised under Durable Disease Control if the followup were longer. Nevertheless, this cross-sectional analysis offers a glimpse at what MMF monotherapy was able to accomplish in our study population. Moreover, variable follow-ups especially affect one's ability to evaluate a medication's safety profile, and we compensated for this by presenting the frequencies as well as the rates (in terms of person-year) of adverse effects in our study population. In addition, our centre is a tertiary uveitis referral centre, and thus there is a potential bias towards those patients with more stubborn diseases. Despite these limitations, we have chosen to present these data because the results are very impressive in that MMF without any concurrent corticosteroids and/or immunomodulatory agents was able to induce inflammation control in many of the study patients. We believe that experts who deal with paediatric uveitis regularly may benefit from using MMF as part of the therapeutic repertoire. In summary, our results suggest that MMF monotherapy is an effective steroid-sparing strategy in paediatric autoimmune uveitis. It was able to induce control of uveitis in nearly three-quarters of the study population, without the need for any concurrent corticosteroid and/or other immunomodulatory agents. It also appeared to be tolerated well in this population. We believe that MMF represents a good alternative in children who have failed MTX as the first-line IMT or are not suitable candidates for MTX. MMF may also be effective in those with diseases unresponsive to calcineurin inhibitors and biological response modifiers, although more data are needed to assess this.
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1.
Which of the following best describes the current gold-standard treatment for paediatric autoimmune uveitis? 
